Delta-based estimates of longtail hake biomass off Argentina were derived from the results of summer trawl surveys carried out on an irregular basis since 1987. Annual estimates of biomass within the whole area ranged from 1.2 to 4.5 million tons, consistent with those obtained by sequential population analysis. There was no clear trend throughout the period 1987-1995, but the 1987 estimate was higher than those for the same area during the years 1992-1995, and estimates since 1997 were much higher than the mean for the four-year period 1992-1995. Since 1992 the largest concentrations of fish have been between 50 and 100 m deep. Most of those were adults, small fish being scarce. Analysis of numbers-at-age showed the dominance of 4-8 year old fish in 1987 and from 1992 to 1994 and the existence of two very strong year-classes, those of 1993 and 1995.
INTRODUCTION
The longtail hake (Macruronus magellanicus) is an abundant fish species of the Southwest Atlantic Ocean. It inhabits both pelagic and demersal coldtemperate waters over the continental shelf and slope off Argentina between 36 and 56°S (Angelescu and Gneri, 1960) , at depths between 20 and 600 m (Inada, 1983; Wöhler, 1987; Chesheva, 1995) . The greatest concentrations are found south of 45°S at depths of 50-200 m (Fig. 1) .
Commercial fishing for longtail hake began during the mid-1970s, but catches were not significant SCI. MAR., 66 (3) A few estimates of longtail hake biomass off Argentina are available from research and survey cruises carried out sporadically since 1969. Then, starting in 1992, Argentina's National Institute for Fisheries Research and Development (INIDEP) systematically surveyed the species annually every summer, except in 1996, in an attempt to derive reasonably accurate estimates of biomass on which to base advice on sustainable levels of exploitation. Wöhler et al. (1999a) summarized the original results of these cruises. More recently, longtail hake density data (tons per square nautical mile) from the surveys carried out between 1992 and 1995 were reviewed by Hansen et al. (2001) , and a model approach using a delta distribution estimate (Pennington, 1983 (Pennington, , 1986 De La Mare, 1994 ) was suggested on which to base management advice. This paper addresses the delta-based estimates of longtail hake biomass off Argentina from data drawn from all trawl surveys carried out in 1987 and since 1992. Size distributions and age-length keys from the cruises are used to generate the numbersat-age. These estimates are required both to identify possible trends in abundance of the resource and to calibrate some of the indirect models based on commercial catches, e.g. sequential population analysis, currently used to assess the fishery. The mean duration of tow during the 1987 survey was about 30 minutes. However, shorter trawl durations of about 15 minutes were adopted in 1992, because the rough nature of the seabed of the Patagonian shelf, especially between 50 and 100 m deep, precluded longer tows. The swept area method (Alverson and Pereyra, 1969 ) was used to estimate fish density by haul, under the assumption that the catchability coefficient was constant (q = 1) for both vessels. The area studied (Area A, Fig. 2 ) was bounded by the 50 and 400 m isobaths and latitudes 45 and 55°S (101,508 nautical miles 2 ) on every cruise analysed here except that of 1987, when only the grounds deeper than 100 m (Area B, Fig. 2) were surveyed (73,487 miles 2 ). Since 1997, the surveys have been designed from their outset with a delta-based approach, using just the area of the strata in allocating the total number of trawls to be made (Hansen et al., 2001) . However, for the current analysis, some of the hauls made during the cruises of 1992-1995 had to be eliminated randomly so that the number of tows used in the analysis for each stratum was proportional to the area of that stratum. Further, the results of all tows made during the cruises of the 1990s in an area outside that covered by the 1987 survey were discarded in order to compare the variation in abundance between all years on a similar spatial basis. The number of hauls trawled within each Area (A and/or B) during the different surveys is listed in Table 1 .
MATERIAL AND METHODS

Trawl surveys and biomass assessments
The equations proposed by Aitchison (1955) , Aitchison and Brown (1957) , Pennington (1983 Pennington ( , 1986 and Hansen et al. (2001) were used to estimate the mean density (c) and variance per cruise under the assumption of a delta distribution. Finally, the biomass in tons per area as defined above, z (where z = Area A or Area B), was estimated from
Sample size, raising factors and age-length keys
During the surveys, either all or a subsample of longtail hake was taken from every tow on which >60 kg of the species was caught (Table 2 ). Fish total length (TL) was measured to the nearest centimetre. In order to estimate numbers-at-length within a given area, raising factors for the sampling frequencies (Rf i,z ) were calculated as follows:
where SW i,z is the weight of the ith sample, d i,z is the longtail hake density (tons per square nautical mile) corresponding to the trawl represented by the ith sample, and Σd i,z is the sum of the densities of every haul represented by a sample within area z.
The observed frequencies by class interval corresponding to each sample were finally raised by the appropriate factor, and the estimates for the same class intervals from different samples were summed to calculate the numbers-at-length in the area.
ABUNDANCE AND NUMBERS-AT-AGE OF LONGTAIL HAKE 285 In all, 14,673 otoliths were collected during the surveys and read following the methodology proposed for the species by Giussi (1996) , in order to construct annual age-length keys. The basic data included in the age-length keys, the length and age ranges and the sample size for each year are listed in Table 3 . The age-length keys and the estimated numbers-at-length were combined to determine the numbers-at-age in each area (Areas A and B) annually. Those numbers were finally compared with the annual commercial catch-at-age derived from data collected by observers on board commercial vessels.
RESULTS AND DISCUSSION
Abundance assessments
The applicability and advantages of using a deltabased estimate to assess the total biomass of longtail hake were discussed by Hansen et al. (2001) . Estimates for the whole area (Area A) ranged between 1.2 and 4.5 million tons annually (Tables 4, 5 ). Clearly, longtail hake is the most abundant finfish in the Southwest Atlantic south of 45°S, as already stated by Wöhler et al. (1999b) ; the current results are consistent with those calculated by sequential analysis (Wöhler et al., 2000) . Survey estimates for each area followed the same trend (Fig. 3) . The asymmetric limits of the confidence intervals around the annual delta estimate averaged -40 and +84%.
Despite being higher than the estimates for Area B alone during the years 1992-1995, the estimate from the 1987 survey still fell into a reasonable range of natural variation of stock biomass. Obviously the stock would have been able to absorb the fishing mortality of those years with a maximum catch of some 145,000 tons. In 1997 and 1998, the abundance within both Areas A and B was double the mean for the period 1992-1995 (Table 4) , probably more because of good recruitment than changes in the commercial fishing pattern. , 1992 -1995 , and 1997 . Parameter 1987 1992 1993 1994 1995 1997 1998 1999 Minimum Since 1992, 52-64% of the estimated biomass has been in water deeper than 100 m (Area B), i.e. in an area about 72% of the whole area surveyed (Area A). Stated differently, 36-48% of longtail hake biomass was concentrated between the 50 and 100 m isobaths, an area constituting just 28% of the whole area surveyed.
Two research vessels were used for the surveys, under the assumption that both were equally efficient at catching longtail hake, and in fact the magnitude of and annual variation in the biomass estimates does not seem to depend on the vessel used. Unfortunately, however, it is not possible to guarantee that the capture efficiency of both vessels was the same, even though they are of the same size, used the same fishing gear (nets, bridles and doors) throughout, and trawled at the same speed for similar duration. For species such as longtail hake, that is distributed patchily rather than uniformly over the seabed, it would not be possible to calculate a calibration factor that might standardise data and quantify the differences in efficiency ABUNDANCE AND NUMBERS-AT-AGE OF LONGTAIL HAKE 287 between the two research vessels with some measure of confidence.
Numbers-at-length
The size distributions of longtail hake caught on each survey were similar (Fig. 4) . Fish >30 cm TL were clearly vulnerable to the 20-mm-mesh codends used during the surveys, but smaller fish were caught only very exceptionally. In an analysis of commercially fished longtail hake, Mituhasi et al. (2000) discovered that length at 50% retention was 68.4 cm TL with a codend mesh size of 120 mm and 34.0 cm TL with a mesh size of 60 mm. If winter and spring are the spawning seasons (Inada, 1983; Bezzi, 1984; Janusz, 1987; Giussi, 1993) , the youngest fish would have been 3-7 months old at the time the surveys were carried out, making their capture rather unlikely. Nevertheless, modal analysis did reveal good recruitment. For instance, the 1995-1997 and 1998-2000 length distributions are suggestive of strong 1993 and 1995 cohorts respectively (Tables 6, 7) .
The numbers of fish of each length-class estimated for Areas A and B were similar, and it was also possible to follow some of the modes through successive annual length distributions (Fig. 4) . The distributions for each area and year showed that the proportion of adult fish tended to be greater when shallower tows were included in the analysis, largely because there were relatively few small fish in the 50-100 m depth stratum. Giussi (1996) analysed longtail hake length distribution during several seasons of the years 1978 and 1993 for the same area; the largest fish were close to the coast, rarely deeper than 100 m. Giussi et al. (1999) confirmed the presence of adult fish (up to 7 years old) in relatively shallow water north of 51°S, but they also found juveniles near the coast south of 53°S. Nevertheless, it is still possible that, during autumn, winter and spring, adult fish could be offshore as a result of a spawning migration, a behaviour already documented by Hart (1946) and Giussi et al. (2001) .
Finally, the shape of the length distributions within each area was highly variable among years, as a result of variable annual recruitment strength ABUNDANCE AND NUMBERS-AT-AGE OF LONGTAIL HAKE 289 FIG. 5 . -Argentine longtail hake commercial catches-at-age (❍) and the numbers-at-age estimated by research survey (▲), 1987-2000. and survival, lending support to the contention of Wöhler et al. (1999a) that longtail hake recruitment is highly variable.
Numbers-at-age
The numbers of longtail hake at age estimated for Areas A and B during the various surveys are shown in Tables 6 and 7 respectively. A relatively large number of fish 4-8 years old were caught during the 1987 and 1992-1994 surveys, and this age groups were also important in the commercial catches of that year (Fig. 5) . From 1995 onwards, this trend changed and the presence of fish younger than 5 years increased. The annual age compositions of commercial longtail hake catches were similar to those constructed from research survey catches, except in 1993. The presence of a very strong 1993 year-class in both Areas A and B, represented by fish aged 4 in 1998, 3 in 1997 and 1 in 1995, the last year when they were not yet fully available to the fishing gear, is clear. As the birthdate of the species is currently assumed to be 1 July (Giussi, 1996) , fish hatched in July 1993 (the austral winter) would have been 1 year old in July 1994, and they would still have belonged to the 1+ group by the time the 1995 summer cruise was carried out in February/March. The 1995 year-class would also have been very strong, according to its numbers-at-age caught during the summer cruises of 1998-2000. Finally, indications from the cruise in the year 2000 are that the 1998 year-class was also fairly strong.
The variability in length distributions between years was also detected in age compositions, obviously reflecting the great recruitment variability (Wöhler et al., 1999a) . The strength of different year-classes would probably be related to favourable environmental conditions and food availability.
CONCLUSIONS
-Estimates of longtail hake biomass in annual surveys conducted since 1987 ranged from 1.2 to 4.5 million tons, consistent with the results of sequential population analysis. Confidence intervals around the annual delta estimates averaged -40 and +84%. Abundance in 1987 was apparently higher than the mean observed for the period 1992-1995, but it was even greater in 1997 and 1998. Recruitment strength seemed to be more important than fishing effort in generating the variations.
-Since 1992, 36-48% of the longtail hake found during summer have been concentrated within a region between 50 and 100 m deep, which represents only 28% of the whole studied area.
-The size distributions of the longtail hake resource caught in different years was similar, most of the fish having a TL of >30 cm. Modal analysis revealed strong year-classes in 1993 and 1995, which caused great interannual variability in the shape of the size distributions of longtail hake within each area.
-During summer (February-March) and south of 45°S, most adult longtail hake were between the 50 and 100 m isobaths; at the same depths there were relatively few small fish.
-Age compositions of the commercial catches were similar to those calculated from research cruise data, except for 1993. A large number of 4-8 year old fish were caught during the 1987 and 1992-1994 surveys, and fish of these ages also dominated the commercial catches of those years. From 1995, the proportion of fish younger than 5 years increased. Interannual variability in length distribution, resulting from variability in recruitment, was also clear in age compositions.
